The aims of this study were to determine (i) the physico-chemical characteristics, (ii) the phenolic, flavonoid and anthocyanins profile, (iii) the organic acids and sugar content, and (iv) the antioxidant properties of the liquid co-product generated by the figs (FLC) processing industry in order to set standards for its applications as a potential ingredient of food products. The liquid co-products obtained from the peel and pulp of two fig varieties (colar and cuello de dama) were used. The polyphenolic profile and the organic acids and sugar were determined by HPLC. For the antioxidant activity, four different test systems were used (DPPH, FRAP, TBARS and FIC). The total phenolic, total flavonoid and total anthocyanin contents were also determined. The FLC from peel presented higher total phenolic, flavonoid and anthocyanin contents than FLC from pulp. The FLC obtained from peel and pulp had a high content of sugars, mainly glucose and fructose. As regards antioxidant activity, at all concentrations and with all methods, FLC obtained from peel presented higher antioxidant activity than the pulp FLC. FLC obtained from the peel and pulp could be an alternative for use as a natural preservative in food matrices due to its broad antioxidant activity.
The common fig (Ficus carica L.) is one of the first plants that was cultivated by humans and is an important crop worldwide for dry and fresh consumption [1] . The world production of figs is about one million tons, and it is mostly concentrated in the Mediterranean region. Its edible part is commonly referred to as a "fruit" although the fig is actually a flower inverted into itself. The fig is a characteristic fruit present in the Mediterranean diets which can be consumed fresh, dried or used as jam. These fruits are an excellent source of minerals (iron, calcium and potassium), vitamins (thiamin and riboflavin) and dietary fiber. This fruit contain a high number of amino acids, sugars, organic acids and polyphenols [2-4a] .
As mentioned above, figs are widely consumed fresh or dried, either peeled or not and can be used in industrial products such as "fig cake". Fig industrialization produces a lot of co-products [5] . These come from fresh figs discarded due to inadequate ripening or over ripening, spoiled, size, texture or a low quality for table fruit; however, they are safe for human consumption. The non-use of this co-product constitutes a real economic loss since it is rich in nutrients and bioactive compounds which can be extracted and used as value-added materials. The process for obtaining intermediate foods ingredients (IFI) (mainly dietary fiber) generates a series of new co-products, among them the water. The recovery of food processing effluents (liquid co-products) for different uses is an interesting practice that can contribute to the better management of them [6] . Additionally, to re-use the liquid co-products could be important from an environmental and economic point of view, as this practice could contribute to a better management of water resources all over the world. Another reason to re-use these liquid co-products would be to take advantage of the large quantity of potentially beneficial substances, which include organic acids, sugars, phenolic compounds, colorants, and aroma compounds. Furthermore, the possibility of including these liquid co-products in other foods would enhance economic development. For example, several authors have reported the use of liquid co-products (from citrus, tigernut and quince processing) in meat and dairy products [6,7,8a] . Thus, the aims of this study were to determine (i) the physico-chemical characteristics, (ii) the phenolic, flavonoid and anthocyanins profile, (iii) the organic acids and sugar content and (iv) the antioxidant properties of the liquid co-product (FLC) generated in the fig processing industry for applications as a potential ingredient of food products.
The pH, °Brix and color coordinates of the different FLC samples analyzed are shown in Table 1 . The pH ranged between 4.5 and 5.4 with statistically significant differences (p<0.05) between samples. The pH values of the FLC obtained from the pulp were lower (p<0.05) than the values obtained from the peel for the two varieties analyzed. These values may have been caused by the washing, which caused the leaching of organic acids from the fruit. The suspended soluble solids showed °Brix values ranging from 9.8 to 12.0 with statistical differences (p<0.05) between samples. Color is one of the most important quality parameters in foods. Any ingredient that may cause color changes would influence the organoleptic properties, which may limit its potential applications in foods. As regards color coordinates ( For the Chroma values no statistical difference (p>0.05) was found between the FLC of the pulp and the peel of the cv. colar. However, statistical differences (p<0.05) were found between the FLC obtained from the pulp and the peel of the cv. cuello de dama. Low values of Chroma diminished the grey component of color and may (depending on the matrix in which it is incorporated) make the food more saturated.
The content of polyphenolic compounds (phenolic acids, flavonoids and anthocyanins) could be used as an important indicator of the antioxidant capacity, which may be used as a preliminarily screen for FLC when intended as a natural source of antioxidants in functional foods. Table 2 shows the total phenolic contents (TPC), total flavonoids contents (TFC), and total anthocyanins (TAC) of the different FLC samples. The presence of these compounds in the liquid co-product may be due to leaching during the washing operation. As regards the TPC, TFC and TAC, samples obtained from peel had a higher concentration of these compounds (p<0.05) than those obtained from the pulp. It should be noted also that the content in the FLC peel cv. colar was higher (p<0.05) than that obtained in the FLC peel cv. cuello de dama. The same tendency was observed for the TPC, TFC and the TAC. These results are in agreement with Vallejo et al. [10] , who reported that the fig pulp had a much lower TFC and TAC than peel. Indeed, Solomon et al. [3] reported that the differences in TFC and TAC between peel and pulp were higher in the dark varieties than in the lighter ones. The polyphenolic content is influenced by the cultivar, but also varies significantly from one fruit part to the other; moreover, it is heavily dependent on the growing technology in the orchard [4b]. Polyphenolic compounds possess a wide spectrum of biochemical properties and can also have a beneficial effect in preventing the development of diseases like cancer and cardiovascular diseases [11] . The HPLC analysis of the different samples of FLC obtained from the peel of cv. colar and cuello de dama showed one peak as hydroxycinnamic acid, three as flavonols and one as anthocyanin (Table 3 ). In particular, the FLC obtained from peel of cv. colar had lower chlorogenic acid and rutin contents (p<0.05), as well as of the anthocyanin cyanidin-3-O-glucoside than FLC obtained from the peel of cv. cuello de dama. On the other hand, the content of quercetin and luteolin was higher (p<0.05) in FLC obtained from the peel of cv. colar than FLC obtained from cv. cuello de dama. When the FLC obtained from the pulp of cv. colar was analyzed, chlorogenic acid was the unique phenolic acid identified with a concentration higher (p<0.05) than that found in the FLC obtained from peel. As regards flavonoid content, only rutin and quercetin were found, with values lower (p<0.05) than those found in the FLC of peel. In FLC obtained from pulp of cv. cuello de dama the phenolic acids and flavonoids identified were chlorogenic acid, rutin, quercetin and luteolin. It should be pointed out that, in all samples analyzed, few major peaks were detected and neither benzoic acids nor catechins were present. The results obtained were in agreement with [10] and [12] , who reported that the main phenolic acid found in Table 4 shows the organic acid and sugar contents of FLC obtained from peels and pulps of cv. colar and cv. cuello de dama. The organic acid profile of FLC cv. colar was composed of six organic acids: citric, tartaric, malic, ascorbic, succinic and fumaric, while in FLC cv. cuello de dama citric, tartaric, malic, succinic and fumaric acids were detected. In FLC obtained from the pulp and peel of cv. colar, malic acid was the most prevalent acid, with no statistically significant different (p>0.05) between the samples, following by succinic, citric, tartaric and ascorbic. It is important to note that for all the organic acids detected their concentration is higher (p<0.05) in the FLC obtained from peel than in that obtained from the pulp with exception of malic acid, as mentioned above. As regards the organic acids present in FLC obtained from pulp and peel of cv. cuello de dama, again, malic acid was the predominant acid, but the concentration of organic acids was lower (p<0.05) than in the FLC obtained from pulp and peel of cv As regards the sugars, the main ones found in FLC obtained from peel and pulp were glucose, fructose and sucrose, in concentrations in that order (see Table 4 ). For FLC obtained from cv. colar no differences (p>0.05) were found for glucose and fructose between pulp and peel. In the case of FLC obtained from cv. cuello de dama the concentration of glucose, fructose and sucrose was higher (p<0.05) in FLC obtained from peel than pulp. This study is in agreement with other studies [4a,15,16] that reported that the main sugars present in fresh fig are glucose, fructose and sucrose. However, the fructose content was higher than that of glucose with the sucrose levels very low. The sugar contents of the FLC mean that this co-product could be used as a potential ingredient in drycured meat products since they would be a source of carbon for the microbial flora present in this kind of product.
DPPH radical scavenging, ferric reducing antioxidant power (FRAP), ferrous ion-chelating, and thiobarbituric acid reactive species assays were performed to determine in vitro antioxidant activities of FLC obtained from pulp and peel. From the current point of view, the mix of methods should be used for assessing antioxidant activities in vitro to cover all the aspects of antioxidant efficacy as a single method will provide basic information about antioxidant properties, but a combination of methods describes the antioxidant properties of the sample in more detail [17] . In the DPPH-test, the ability of extracts to act as the donor of hydrogen atoms or electrons in transformation of DPPH into its reduced form DPPH-H was measured spectrophotometrically ( Table 5 ). All the samples tested were capable of scavenging the radical DPPH· in a concentration-dependent manner. The FLC obtained from the peel of cv. colar and cuello de dama showed higher values of inhibition (p<0.05), at all concentrations, than the FLC samples obtained from the pulp. It is important to note that the samples obtained from the peel of cv. colar presented higher antioxidant effects at all concentrations (p<0.05) than the samples obtained from the peel of cv. cuello de dama, except at lowest concentration (10 mg/mL). The positive control, BHT, showed higher antioxidant effects (p<0.05) at all concentrations than the FLC samples analyzed. Table 5 shows the ferric reducing capacity obtained using the FRAC assay. A concentration-dependent capacity was found for all the FLC samples studied. That from peel of cv. colar, at all concentrations analyzed, had the highest (p<0.05) ferric reducing capacity in terms of Trolox concentrations, with statistically significant differences (p<0.05) from the positive control BHT. It was followed by FLC obtained from peel of cv. cuello de dama, FLC obtained from pulp of cv. cuello de dama and pulp of cv. colar showed statistical differences (p<0.05) between them.
The TBARS assay was carried out to determine the ability of FLC samples to inhibit peroxidation of phospholipids present in egg yolk. It should be noted that all FLC samples, at all concentrations, showed a pro-oxidant activity. Sometimes polyphenolic compounds can act as pro-oxidant agents [8b]. FLC obtained from the peel and pulp of fig were assayed for their Fe +2 chelating activity at different concentrations, and this activity was compared with the activity of the positive control BHT. FLC obtained from pulp showed higher chelating activity (p<0.05) than that from peel, at all concentrations ( Table 5) ; extracts of both cultivars were more efficient (p<0.05) than that of the positive control BHT. This high chelating activity showed by FLC is of huge significance because the chelation of transition metals is a topic of great interest in the food industry. Phenolic acids and flavonoids are the main compounds responsible for the antioxidant capacity of fruits and vegetables. Fig fruit is rich in anthocyanins and flavonoids [1, 12, 14] , which contain a variety of phenolic hydroxyl groups that can justify the antioxidant capacity and free radical scavenging activity that were found in the liquid coproduct. The antioxidant activities of fig fruit have been reported by several authors [13, 14, 16] . They suggesting that the antioxidant activity shown by this fruit is due to its high content of polyphenolic compounds. Thus, the antioxidant activity of fruits and vegetables significantly increases with the presence of high concentration of total polyphenols. Antioxidants may act in various ways. The action mechanism set in motion by the antioxidant activity of these compounds is still not clearly understood. One mechanism through which the free radicals are removing is by donating hydrogen to a free radical in its reduction to an unreactive species. Addition of hydrogen would remove the odd electron feature which is responsible for radical reactivity [18] . Another important mechanism of antioxidant activity is the ability to chelate/deactivate transition metals, which possess the ability to catalyze hydro peroxide decomposition and Fenton-type reactions. It is well known that ferrous chelating ability may be involved in antioxidant activity and affect other functions that contribute to antioxidant activity [19] . Phenolic compounds have been reported to be chelators of free metal ions, indeed, in a complex mixture, organic acids, amino acids and sugars can be sequesters of transition metal ions [20] .
The results obtained in the present study clearly demonstrate the interesting antioxidant properties of fig liquid co-product. The FLC from pulp and peel were separately analyzed and, in particular, peel extract showed the most promising antioxidant effects, especially in metal chelating activity. Indeed, due to the high content of polyphenolic compounds, organic acids and sugars, and using appropriate processes, new products could be obtained for to use in a wide variety of food preparations such as dry-cured meat products and dairy products with high nutritional value. manually peeled and the skin separated from the pulp and analyzed separately. The pulp and peel of two figs varieties were triturated, separately, for 40 sec in a vertical cutter (Tekator 1094 Homogeneizer, Hoganas, Sweden) to obtain uniformly sized pieces and so increase the contact time during washing (1 L of water per kg of product). The mixture was stirred constantly and the water temperature was kept at 50ºC for 10 min. Then, the whole co-product was pressed to drain liquid. The liquid co-product was filtered through cotton gauze, frozen and stored until use. The four fractions obtained were FLC from peel cv. Colar (FLC peel c ), FLC from pulp cv. colar (FLC pulp c ), FLC from peel cv. cuello de dama (FLC peel cd ), an FLC from pulp cv. cuello de dama (FLC pulp cd ).
Physical-chemical analysis:
A Crison micro pH meter 2001 equipped with an electrode for liquid foods (GLP 21, Crison Instrument, S.A Alella, Barcelona) was used to determine the pH of the FLC. The soluble solids in the FLC were determined by a digital refractometer (DR-101, Cosecta S.A. Barcelona). The color was studied in the CIEL*a*b* color space using a Minolta CR-300 Colorimeter (Minolta Camera Co., Osaka, Japan), with illuminant D 65 and 10º observer equipped with an adapter for liquid samples CR-A70 (Minolta Camera Co.). For this, the different samples were poured into low refractant glass vials. The following color coordinates were determined: lightness (L*), redness (a*, ±redgreen), and yellowness (b*, ±yellow-blue). From these coordinates, chroma (C*) was calculated as follows: Chroma= (a* 2 + b* 2 ) 1/2 Total phenol, total flavonoid and total anthocyanin content: The total phenol content (TPC) was determined using the Folin-Ciocalteu's reagent [21] . The results were expressed in mg gallic acid equivalents (GAE)/L of FLC. For the total flavonoid content (TFC) the method based on [22] was used. The results were expressed in mg rutin equivalents (RE)/L of FLC. Total anthocyanins was determined according to [23] and calculated as cyanidin 3-glucoside equivalent (molar absorption coefficient of 26900 L/cm mol and molecular weight of 449.2 g/mol) and the results expressed as mg/L of FLC.
Determination of polyphenolic compounds: FLC (50 mL) was extracted with ethyl acetate (3 x 50 mL). The organic phase was combined, dried over sodium sulfate, and filtered through a 0.45 μm membrane filter (Millipore Corporation, Bedford, USA). The mixture was transferred to a round-bottomed flask and the ethyl acetate was evaporated to dryness using a rotary evaporator R-205 (Büchi, Flawil, Switzerland) under reduced pressure (<100 mbar) at 40ºC. Five mL of methanol was added to the residue and vortexed for 5 min. The solution was filtered through a 0.45 μm membrane filter and maintained at -4ºC before HPLC analysis. Phenolic acids and flavonoids were analyzed by high performance liquid chromatography coupled with a diode array detector (HPLC-DAD). Twenty μL was injected into a Hewlett-Packard HPLC series 1100 instrument (Woldbronn, Germany) equipped with a C 18 Teknokroma column (Mediterranea sea 18 , 25 x 0.4 cm, Teknokroma, Barcelona, Spain) thermostatically controlled at 30ºC and detected by absorbance at 280, 320, 360 or 520 nm. UV/V spectra of individual peaks were recorded in the range of 200-600 nm. Phenolic compounds were analyzed in standard and sample solutions using a flow rate of 1 mL/min with the following gradient program (0 min 95% A, 20 min 75% A, 40 min 50% A, 50 min 20% A, 60 min 20% A) with 4.5 % formic acid in water as solvent A and acetonitrile as solvent B. Peaks were identified using authentic standards (phenolic acid standards: caffeic acid, ferulic acid, synapic acid, gallic acid, chlorogenic acid; flavonoid standards: rutin, quercetin, luteolin, apigenin, catechin and epicatechin; anthocyanin standards: malvidin-3-O-glucoside, cyanidin-3-O-glucoside, cyanidin-3-O-galctoside and delphinidin-3-O-glucoside) (Extrasynthese, Genay, France) by comparing the retention times, peak spectral analysis and from the literature. The compounds were quantified through calibration curves of standards.
Organic acid and sugar content:
The organic acids and sugars content were determined as follows: 5 mL of each FLC studied was centrifuged at 5000 g for 10 min at 4°C. The supernatant fluids were filtered through a 0.45 µm Millipore filter and then 10 µL samples were injected in a cation exchange column (Supelcogel C-610H, 300 x 7.8 mm, Supelco, Bellefonte) with a pre-column (Supelguard-H, 50 x 4.6 mm, Supelco, Bellefonte), using phosphoric acid 0.1%, v/v) as mobile phase, and an operating flow rate of 0.5 mL/min. A Hewlett Packard HPLC series 1100 instrument coupled with two detectors: DAD G1315A (set at 210 nm) and RID G-1362A was used. Standards of organic acids (L-ascorbic, malic, tartaric, citric, oxalic, acetic, malonic, fumaric and succinic acids) and monosaccharides (glucose, fructose and sucrose) were obtained from Sigma (Poole, Dorset, UK). Samples were run at 30ºC and the run time was 30 min [24] . Peaks were identified by comparison with retention times of standards, and quantified by regression formula obtained with the standards.
2,2'-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay:
Four different concentrations (10, 25, 
Ferric reducing antioxidant power assay:
The ferric reducing antioxidant power (FRAP) of 4 different concentrations (10, 25, 50 and 100 mg/mL) of FLC samples was determined as described [26] . BHT was used as positive control. The FRAP of a sample is estimated in terms of Trolox equivalent antioxidant capacity (TEAC) in mmol/L Trolox.
Thiobarbituric acid reactive species assay:
The method of [27] was used to determine the thiobarbituric acid reactive substance (TBARS).For this, 4 different concentrations (10, 25, 50 and 100 mg/mL) of FLC samples were used. The percentage inhibition ratio was calculated from the following equation: % inhibition = [(A C -A S ) / A C ] x 100 Where A C refers to the absorbance of the control and A S is the absorbance of the sample.
Ferrous ion-chelating ability assay:
Ferrous ions chelating activity of 4 different concentrations (10, 25, 50 and 100 mg/mL) of FLC samples was measured following the method of [28] . BHT was used as positive control. The inhibition percentage of ferrozine-Fe +2 complex formation was calculated by using the following equation: Chelating effect (%) = [(A C -A S )/A C ] × 100. Where A C = absorbance of control sample and A S = absorbance of a tested sample.
Statistical analysis:
For each experiment, 3 independent samples were examined with 3 replications per sample. Data obtained for pH, soluble solids, color properties, total phenolic, total flavonoids, total anthocyanin contents, organic acid and sugars and polyphenolic profile were analyzed by one-way analysis of variance (ANOVA). Antioxidant activity was analyzed by means of a two-Phenolic profile and antioxidant properties of Ficus carica Natural Product Communications Vol. 10 (7) 2015 1223 way ANOVA test with two factors: co-product (4 levels: FLC peel c , FLC pulp c , FLC peel cd , FLC pulp cd ) and concentration (4 levels: 10, 25, 50 and 100 mg/mL). Tukey's post hoc test was applied for comparisons of means; differences were considered significant at p<0.05. Statistical analysis and comparisons among means were carried out using the statistical package SPSS 19.0 (SPSS Inc., Chicago, IL.).
